Background Among nicotine-dependent smokers, smoking abstinence disrupts multiple cognitive and affective processes including conflict resolution and emotional information processing (EIP). However, the neurobiological basis of abstinence effects on resolving emotional interference on cognition remains largely uncharacterized. In this study, functional magnetic resonance imaging (fMRI) was used to investigate smoking abstinence effects on emotion-cognition interactions. Methods Smokers (n = 17) underwent fMRI while performing an affective Stroop task (aST) over two sessions: once following 24-h abstinence and once following smoking as usual. The aST includes trials that serially present incongruent or congruent numerical grids bracketed by neutral or negative emotional distractors and view-only emotional image trials. Statistical analyses were conducted using a statistical threshold of p<0.05 cluster corrected. Results Smoking abstinence increased Stroop bloodoxygenation-level-dependent response in the right middle frontal and rostral anterior cingulate gyri. Moreover, withdrawal-induced negative affect was associated with less activation in frontoparietal regions during negative emotional information processing; whereas, during Stroop trials, negative affect predicted greater activation in frontal regions during negative, but not neutral emotional distractor trials. Conclusion Hyperactivation in the frontal executive control network during smoking abstinence may represent a need to recruit additional executive resources to meet task demands. Moreover, abstinence-induced negative affect may disrupt cognitive control neural circuitry during EIP and place additional demands on frontal executive neural resources during cognitive demands when presented with emotionally distracting stimuli.
Introduction
The ability to exercise cognitive control over impulses is a key process in self-regulating healthy behavior. A hallmark feature of drug addiction is compromised control over behaviors related to drug taking. For example, in spite of 80% of dependent cigarette smokers expressing a desire to quit (AHA et al. 2010) , between 85% and 95% who attempt to quit relapse within the first year (Krall et al. 2002) . Two of the most commonly reported reasons smokers report for lapsing/relapsing are the beliefs that smoking reduces withdrawal-related cognitive deficits (Gilbert et al. 2000; Spielberger 1986 ) and negative affective or stressful responses (Shiffman et al. 1986; Shiffman and Waters 2004; Spielberger 1986 ) including anxiety (Piper et al. 2011 ) and depression (Japuntich et al. 2007 ). Therefore, deficits in cognitive control and affective function associated with nicotine withdrawal likely subserve the ongoing maintenance of nicotine dependence.
Consistent with smokers self-reported motivations for smoking to improve cognition, prior research demonstrates robust withdrawal-related decline in a broad range of cognitive functions (Heishman et al. 1994 ) including attention (Gilbert et al. 2004a; Knott et al. 1999) , conflict resolution (Drobes et al. 2006) , decision making (Field et al. 2006) , inhibitory control (McClernon et al. 2008; Pettiford et al. 2007 ), novelty detection (Froeliger et al. 2009) , and working memory . Furthermore, functional magnetic resonance imaging (fMRI) studies have consistently implicated dysregulated function in executive control circuitry (e.g., ACC, PFC) following abstinence across a wide range of tasks including working memory (Loughead et al. 2009; Xu et al. 2005) , sustained attention (Hong et al. 2009b; Kozink et al. 2010b) , inhibitory control (Kozink et al. 2010a ), novelty detection (Froeliger et al., in revision) , and conflict-related attentional control (Azizian et al. 2010) .
In addition to cognitive disturbances, smoking and negative affect are tightly intertwined (APA 2000; Baker et al. 2004) . Smokers report smoking in the face of negative affect or stress-inducing situations (Shiffman and Waters 2004) and often report that smoking reduces negative affect (Shiffman and Waters 2004; Spielberger 1986 ). Moreover, smoking cessation significantly increases negative affect (Parrott et al. 1996) . According to an attentional bias model (Gilbert 1995) , nicotine/smoking reduces negative affect by shifting attention away from negative affect-provoking stimuli. In this model nicotine increases frontal, 'top-down' regulation of emotional reactions. Consistent with this model, brain responses (i.e., evoked response potentials) to negative stimuli are potentiated by nicotine withdrawal (Gilbert et al. 2004b) . Furthermore, nicotine abstinence disrupts target detection and P300 response at parietal sites when targets followed negative, but not neutral, emotional distractors (Gilbert et al. 2007) . While prior research demonstrates that smoking abstinence biases attention to negative emotional information and interferes with ongoing cognition, the neural mechanisms underlying smoking withdrawal-related effects on emotion-cognition interactions remain largely uncharacterized.
Outside of the context of nicotine dependence, a dominant neurobiological model posits that emotion-cognition interactions are coordinated via an interaction between a dorsofrontal executive network and a ventral affective circuit (Drevets and Raichle 1998; Mayberg 1997) . Taskrelevant targets activate the dorsolateral prefrontal cortex (dlPFC), whereas emotional distractors activate the amygdala (Yamasaki et al. 2002) . Exerting cognitive control over emotional processes leads to increased activation in the dlPFC, with corresponding reciprocal deactivation in the amygdala (Ochsner et al. 2002; Ochsner and Gross 2008) .
Evidence also suggests the neural circuitry subserving emotion and cognition is disrupted in chronic drug users (Koob and Volkow 2009) . Task-related hypoactivation in frontal executive function occurs among chronic users of cocaine (Garavan et al. 2008 ) and methamphetamine (Salo et al. 2009 ). In contrast, event-related hyperactivation is found among abstinent smokers and may reflect greater effort in performing tasks (Kozink et al. 2010b; Xu et al. 2006) . Hyperactivation of ventral affective circuitry (e.g., amygdala) in response to emotional stimuli has been documented among chronic users of cocaine (Asensio et al. 2010 ) and methamphetamines (London et al. 2004 ). While there is evidence that nicotine modulates non-taskrelated ventral affective circuitry ((e.g., cerebral blood flow); Rose et al. 2003; Stein et al. 1998) , the neurocognitive basis of the effects of smoking abstinence on emotion-cognition interactions is unknown.
The Stroop task (Stroop 1935) and its numerous variants [affective Stroop ), emotional Stroop (Mathews and MacLeod 1985) , and number Stroop (Pansky and Algom 2002) ] have proven effective probes for examining emotion-cognition interactions. Neuroimaging studies demonstrate that the dorsal anterior cingulate cortex (dACC) plays a role in cognitive and emotional conflict monitoring Egner et al. 2008; Kerns et al. 2004) , the rostral ACC (rACC) in emotional conflict resolution (Egner et al. 2008) , whereas the dorsolateral prefrontal cortex (dlPFC) subserves attentional control (Botvinick et al. 2001; Botvinick et al. 2004; Kerns et al. 2004; Kim et al. 2011) and cognitive conflict resolution (Egner et al. 2008) .
Smokers exhibit alteration in Stroop blood-oxygenationlevel-dependent (BOLD) response in frontal executive brain regions (i.e., ACC and PFC). For example, smokers while abstinent, as compared to when satiated exhibit hyperactivation in ACC and hypoactivation in dlPFC while performing a color-word Stroop task (Azizian et al. 2010) . Moreover, the magnitude of ACC activation to smoking cues inside the scanner has been reported to predict the magnitude of attentional bias to smoking words outside of the scanner (Janes et al. 2010) . Though these recent findings suggest that nicotine dependence and smoking withdrawal are associated with dysregulated frontal executive brain function-neural circuitry known to play an important role in attention and cognitive control over emotional processes-no known studies have reported on the neural substrates of the effects of smoking abstinence on emotion-cognition interactions.
In the present study, we sought to investigate the neural substrates underlying the effects of smoking abstinence on emotion-cognition interactions. Dependent smokers were scanned twice: once while smoking satiated and once following 24-h smoking abstinence. During scanning, they performed an event-related affective Stroop task ((aST); Blair et al. 2007; Hasler et al. 2009; Mueller-Pfeiffer et al. 2010; Vythilingam et al. 2007 ), a modified version of the number Stroop task (Pansky and Algom 2002) . The aST was designed to evaluate emotional information processes and its effects on cognitive conflict resolution. We hypothesized that smoking abstinence, relative to satiety, would result in worse task performance, greater task-related brain activation in the executive control system (e.g., dlPFC, ACC), and increased emotional distraction in response to negative stimuli.
Methods and materials
Participants Smoker participants (n=18) from the community were enrolled in the study. Data from one participant was excluded from analyses due to problems during image reconstruction, resulting in a final N=17. To be enrolled, smokers had to report smoking ≥10 cigarettes per day for at least 2 years and have an afternoon expired air carbon monoxide (CO) level >10 ppm (in order to establish smoking status). In addition, participants had to be right handed, free of serious health problems (e.g., hypertension), free of any current/lifetime psychiatric condition, free of medications altering CNS functioning, have a negative urine drug test, not have any conditions making MRI research unsafe, and among females having a negative serum pregnancy test.
Procedures After screening, eligible participants completed one training session during which they practiced the experimental task and were placed in a mock scanner in order to habituate to the scanning environment. Following training, smokers completed two fMRI sessions separated by 3-14 days: once while smoking satiated during which participants smoked immediately prior to entering the scanning suite and once following 24-h into a 48-h abstinence period. Requiring participants to remain abstinent for a full 24-h prior to scanning has been previously shown to results in significant withdrawal at test time, and remaining abstinent 24-h post scanning reduces participants anticipating smoking as soon as the scanning is complete (Kozink et al. 2010a, b; McClernon et al. 2009 ). The order of condition was randomly assigned and counterbalanced. A quit check visit was conducted 24-h following the abstinent condition scan to biochemically confirm abstinence. Expired air CO concentrations were measured using a handheld CO monitor (Vitalograph Inc., Lenexa, KS) and were calculated by subtracting the background (ambient) CO from the peak CO reading. Criterion CO in the abstinence condition was ≤6 ppm.
Assessment of mood, smoking dependence, and withdrawal Baseline mood and nicotine dependence were assessed with the Center for Epidemiological Studies-Depression (CES-D) scale (Radloff 1977) and Fagerström Test of Nicotine Dependence ((FTND); Heatherton et al. 1991) , respectively. State-dependent negative affect and craving were measured at the beginning of each session using the Shiffman-Jarvik scale (Shiffman and Jarvik 1976) .
Affective Stroop task
The aST used in the present study was similar to that used in other studies evaluating emotioncognition interactions Hasler et al. 2009; Mueller-Pfeiffer et al. 2010; Vythilingam et al. 2007 ). During each imaging session, participants performed two runs of the aST (Fig. 1 ). Stimuli consisted of number grids and distractor images. The number grids consisted of numerals (1s through 6s) randomly presented within a nine-point grid field. Distractor stimuli were negative and neutral valence images selected from the International Affective Picture Series (Lang et al. 1997) on the basis of a nine-point arousal (1, lowest; 9, highest) and valence (1, negative; 5, neutral; and 9, positive) scales. Valence and arousal ratings for chosen images did not overlap across categories (Negative: valence <3, arousal >6; Neutral: valence 4 to 6, arousal <3) and were matched on mean luminance, chromatic features, and scene complexity. Within the aST, two primary types of trials are randomly presented: numerical trials that contain distractor images and view-only image trials (Fig. 1) . The numerical trials began with a fixation cross, followed by a number grid, a negative or neutral distractor image, a unique number grid, and concluded with the re-presentation of the distractor image each for 800 ms. Participants were instructed to report by pressing the button which number grid presented (first or second) contained greater numerosity (the quantity of numbers presented) as quickly and accurately as possible. Numerical trials were further broken down into two subcategories: congruent and incongruent trials. During congruent trials, the number grids presented numerals with a face value congruent with the numerosity (e.g., two 2s; five 5s). During the incongruent trials, the face value of the numerals did not match the numerosity (e.g., four 3s; three 4s). Response accuracy and reaction times (RTs) were recorded for each trial. In view-only trials, numerical displays were replaced with a fixation cross and no behavioral response was required. During each 8 1/2-min run, 6 event types (negative congruent, negative incongruent, neutral congruent, neutral incongruent, negative view, and neutral view) were each randomly presented equally (15 events), resulting in a total of 30 events per type during each scanning session.
Analysis of behavioral data
Analyses of the effects of smoking condition on overall task response RT and accuracy during the Stroop trials was conducted using a 2 (smoking condition: abstinent, satiated) × 2 (task condition: congruent, incongruent) × 2 (distractor valence: negative, neutral) ANOVA. Behavioral analysis of the effects of smoking condition and emotional distractor valence on Stroop [incongruent-congruent] accuracy and RT were evaluated in a 2 (smoking condition: abstinent, satiated) × 2 (valence: negative, neutral) ANOVA.
fMRI methods A 3T General Electric Signa EXCITE HD scanner (Milwaukee, WI, USA) equipped with 40 mT/m gradients was used for image acquisition. At the start of each fMRI session, a high-resolution 3D fast spoiled gradient-recalled echo anatomical sequence was collected (field of view (FOV)=25.6 cm, matrix=256 2 , flip angle= 12°, 166 slices, slice thickness=1 mm). BOLD functional images were collected for 34 contiguous slices parallel to the horizontal plane connecting the anterior and posterior commissures. A gradient-recalled inward spiral pulse imaging sequence was used (34 slices, repetition time (TR)=1,500 ms, echo time (TE)=30 ms, FOV=25.6 cm, matrix=64×64, flip angle=60°, slice thickness=3.8 mm, resulting in 4×4×3.8 mm voxels).
Preprocessing was conducted using statistical parametric mapping software (SPM8; Wellcome Department of Imaging Neuroscience, London) to attenuate noise and artifacts. The first four volumes of each run were discarded to allow for T1 stabilization. All functional images underwent correction for acquisition timing and for head motion using rigid body rotation and translation (Friston et al. 1994) . Each participant's data were then subsequently warped into a standard stereotaxic space (Montreal Neurological Institute) with an isotropic 2-mm voxel size and smoothed with an 8-mm FWHM Gaussian filter.
fMRI data analysis Participant's data from each session were entered into a first-level whole-brain analysis using the General Linear Model (Friston et al. 1994 ) to examine BOLD response to each of the six trial types: negative view, neutral view, negative congruent, neutral congruent, negative incongruent, and neutral incongruent. Each trial was modeled as a boxcar function equal to the duration of the Fig. 1 Example trials on the aST. Each of the 6 trial types (Neutral and Negative View, Neutral Congruent and Incongruent, Negative Congruent and Incongruent) were randomly presented an equal number of times (30) over the scanning session. Each distractor image was presented only once during a scanning session trial and convolved with a canonical hemodynamic response function. Motion was removed through rigid body rotation and translation and included as covariates, and a high-pass filter (128 s; 0.008 Hz) was applied to remove slow signal drift. In order to reduce potential variability in the BOLD response due to differences in RT between the abstinent and satiated conditions, each individual's meancentered RTs (calculated separately for each valence and each condition (abstinent, satiated)) were entered as a nuisance regressor in the random effects ANOVA. Statistical images have a threshold with a mask containing regions of interest (ROI) that have been previously found to play a role in emotion-cognition interactions (Dolcos and McCarthy 2006; Drevets 2000; Ochsner et al. 2002 Ochsner et al. , 2004 Wang et al. 2008; Yamasaki et al. 2002) . These included bilateral posterior, dorsal, and paracingulate cortices; inferior, middle, and superior frontal gyri; inferior parietal lobule; and insula and amygdala. These ROIs were obtained from automated anatomical labeling (TzourioMazoyer et al. 2002) in Marina (Walter et al. 2003) . The goal of the analyses was to identify the effects of smoking condition (abstinent, satiated) on (1) Stroop-BOLD response (incongruent-congruent trials), (2) emotional distraction of Stroop-BOLD response, and (3) interactions in BOLD response between smoking condition (satiated, abstinent) and viewing emotional images (negative, neutral).
Analysis of smoking condition, emotional distraction, and Stroop effect To examine the effects of smoking condition and emotional distraction on the Stroop effect, a Stroop contrast image (incongruent-congruent) was created separately for (1) negative and (2) neutral emotional distractors trials at the first level, resulting in two contrast images: negative emotional and neutral emotional distractor Stroop contrast maps. Regressors for each event during each smoking condition were entered into a 2 (condition: satiated, abstinent) × 2 (valence: negative, neutral) random effects ANOVA. Main effects of condition and valence, and condition×valence interactions were evaluated.
Analyses of smoking condition and emotion reactivity To examine the effects of smoking condition on viewing negative emotional images, regressors for each event of interest (negative view, neutral view trials) during each smoking condition were entered into a 2 (condition: satiated, abstinent) × 2 (valence: negative view, neutral view) random effects ANOVA. The main effects of condition and valence, and condition×valence interactions were evaluated.
Analysis of withdrawal-related negative affect and BOLD response To examine the relationship between abstinenceinduced negative affect and EIP, a contrast image ((abstinent: negative-neutral)-(satiated: negative-neutral)) was generated for the view-only trials. Relationships between the changes score from self-reported negative affect (abstinent-satiated) and BOLD response to the view contrast image for each participant were examined by random effects multiple regression analyses. To examine the relationship between abstinence-induced negative affect and emotion-cognition interactions, a contrast image of smoking condition (abstinent-satiated) was generated separately for negative distractor Stroop (incongruent-congruent) and neutral distractor Stroop contrast images. Relationships between the changes score from self-reported negative affect (abstinent-satiated) and BOLD response to each distractor valence Stoop contrast images for each participant were examined by random effects multiple regression analyses. Positive and negative correlations were explored.
In all analyses, voxels were considered significant if they passed a statistical threshold of p<0.005, uncorrected, and were part of a 432-μL cluster of contiguous significant voxels, resulting in a cluster corrected p<0.05. Cluster size for the comparisons was determined through Monte Carlo simulations (Ward 2000) . 
Results

Sample characteristics
Behavioral data
Reaction times Across all correctly detected trials (congruent and incongruent), smoking abstinence resulted in slower RTs (F=4.7; df=1, 16; p=0.04; satiated: M=804 ms, SE=52.4; abstinent: M=844, SE=53.1) (Fig. 2) . As expected, a significant main effect of distractor valence on RT's was observed (F=10.0; df=1, 16; p=0.006; negative: M=838, SE=52; neutral: M=810, SE=53). With regard to Stroop effects (incongruent-congruent), no significant effects were found for the condition×valence interaction (F=3.5; df=1, 16; p=0.07) or the main effect of smoking condition (F=3.8; df=1, 16; p=0.07; abstinent>satiated; satiated: M=−8.4, SE=10.3; abstinent: M=16.5, SE=8.7). The main Stroop effect approached significance F=3.8, p=0.059 (congruent: M=877, SE=32; incongruent: M=889, SE=31).
Accuracy Across all trials (congruent and incongruent), there was a nonsignificant trend for smoking abstinence to worsen response accuracy (% correct detections) (F=3.9; df=1, 16; p=0.065; satiated: M=83%, SE=4; abstinent: M= 75%, SE=6) (Fig. 2) . All other main effects and interactions failed to approach significance (all Fs<1, ps>0.4).
The effects of smoking condition and valence on Stroop (incongruent-congruent) accuracy revealed no significant main effects or interaction (all Fs<1, ps>0.4; satiated: M= 0.005, SE = 0.01; abstinent: M = 0.007, SE = 0.01). No significant Stroop effect on accuracy was observed (F= 1.7, p=0.2; congruent: M=82, SE=2, incongruent: M=83, SE=2)
Imaging results
Effects of emotional distractor valence on Stroop-BOLD response Across smoking conditions and distractor valence, Stroop-BOLD response (incongruent trials-congruent trials) was observed in right dACC and right middle frontal gyrus ((MFG); Table S1 ). In addition, across smoking conditions, Stroop-BOLD response was greater when distractors were negative, compared with neutral, in the right superior frontal gyrus (SFG), bilateral IFG, left dACC, and right inferior parietal lobule (see Table S1 ). No regions were found where activation was greater during neutral, as compared with negative distractor trials.
Effects of smoking abstinence on task-related BOLD response A main effect of smoking condition on Stroop-BOLD response was found revealing greater BOLD response following smoking abstinence, as compared to satiety, in the right MFG and rACC (Table 1, Fig. 3 ). No brain regions were significantly more activated during the satiated condition.
Smoking condition ×distractor valence interactions No significant smoking condition×distractor valence interactions on Stroop-BOLD response or view-only trials were found.
Regression analyses of abstinence-induced negative affect
During view-only trials (negative-neutral), negative affect was negatively correlated with BOLD response in bilateral middle frontal gyrus, right superior frontal, dorsal cingulate, and supramarginal gyri; no positive correlations were found. Analyses of Stroop-BOLD response revealed that during negative emotional distractor trials, negative affect was positively correlated with BOLD response in the right inferior frontal and left middle frontal gyri; no negative correlation were found. With regard to neutral emotional distractor Stroop trials, no positive or negative correlations were found (Table 2) . 
Discussion
The present study utilized fMRI to investigate the effects of smoking abstinence on frontal executive function and emotional information processing in dependent smokers while performing an affective Stroop task. Smoking abstinence resulted in slower RT across both congruent and incongruent trials, but only a nonsignificant trend for smoking condition differences in a behavioral Stroop effect (incongruent-congruent trials) was observed. The lack of abstinence-related Stroop effects may have resulted from the overall decrements in task performance following abstinence. Furthermore, the lack of behavioral Stroop effects may have resulted from the relatively small sample size in this study. For example, smoking following abstinence has been previously shown to improve Stroop task performance in larger (n=43) (Domier et al. 2007) but not in similar sample sizes ((n=20); Azizian et al. 2010) . However, it is also plausible that the lack of behavioral findings may be due to a relatively weak Stroop manipulation in the present study.
With regard to the neuroimaging data, smoking abstinence resulted in greater Stroop-BOLD response in the right dlPFC (i.e., MFG) and rACC. Across smoking conditions and emotional distractor valence, Stroop-BOLD response was observed in the right dlPFC and dACC. This finding is consistent with the larger body of research implicating the role of dlPFC in cognitive control and conflict resolution (Botvinick et al. 2001; Egner et al. 2008) and dACC in conflict monitoring . In (Egner et al. 2007 ) and the second which posits resolving emotional distraction on cognition requires recruitment of frontal executive resources in order to meet task demands Dolcos and McCarthy 2006; Ochsner et al. 2002 Ochsner et al. , 2004 . In addition, withdrawal-related increases in negative affect were negatively correlated with BOLD response in frontoparietal circuitry during negative emotional information processing and positively correlated with BOLD response in frontal executive regions during task trials that included negative emotional distracting stimuli.
The effects of smoking abstinence on Stroop-BOLD response
The main effect of smoking abstinence on Stroop-BOLD response was observed in the right rACC and dlPFC, both of which have been associated with Stroop conflict resolution to emotional versus non-emotional tasks, respectively (Egner et al. 2008) . The rACC has direct connectivity to the amygdala, nucleus accumbens, hypothalamus, anterior insula, hippocampus, and orbitofrontal cortex (Devinsky et al. 1995) and constitutes the affective division of the anterior cingulate cortex . The rACC is known to play an important role in resolving emotional conflict (Etkin et al. 2006) and becomes more activated during emotional variants of the Stroop task Etkin et al. 2006; Hart et al. 2010; Whalen et al. 1998) . Moreover, smokers exhibit greater rACC BOLD signal in response to salient drug-related cues (McClernon et al. 2005 ) and abstinence increases cue-related metabolism in the region (Brody et al. 2002) . These findings that abstinence increases Stroop-BOLD response in rACC suggest that, following a quit attempt, smokers may recruit additional neural resources for resolving emotional conflict in order to perform primary task demands. In addition to abstinence modulating rACC function, there was disruption in the right dlPFC-a node of the executive system that subserves attention (Cabeza and Nyberg 2000) , execution of cognitive control (Kerns et al. 2004) , and goal-directed processing ). This finding suggests that during smoking abstinence, greater neural resources are required to execute cognitive control over competing information in efforts to perform primary task goals. This is consistent with prior research that has reported that abstinence disrupts dlPFC function across a broad range of cognitive tasks (Froeliger et al., in revision; Hong et al. 2009b; Kozink et al. 2010a, b; Loughead et al. 2009; Xu et al. 2005) including studies that specifically report greater event-related activation following abstinence (Addicott et al., under review; Froeliger et al., under review; Kozink et al. 2010a ). However, one study reports smoking abstinence attenuates Stroop-BOLD response in the right dlPFC (Azizian et al. 2010) . The different outcomes may be due to the methodological differences in the manner and duration that smoking/abstinence conditions were manipulated (24-h in the present study vs. overnight abstinence), potentially due to Stroop-variant ( aST in the present study, color-word Stroop) or differences in the magnitude of Stroop effect between studies. In sum, these findings suggest that smoking abstinence results in less efficient cognitive control and conflict resolution.
The influence of withdrawal-related negative affect on emotional information processing
We conducted an exploratory analysis evaluating the neural basis of the relations between withdrawal-induced negative affect and emotional information processing. We found that the severity of withdrawal-induced negative affect was negatively correlated with neural response to negative emotional images in regions involved in cognitive control ((dlPFC, SFG, MFG); Botvinick et al. 2001) , conflict monitoring ((dACC); Bush et al. 2000) , and attention ((supramarginal gyrus); Cabeza and Nyberg 2000; Corbetta and Shulman 2002 ). These results demonstrate that individuals with higher withdrawal-related negative affect recruit less frontal executive and attentional control brain regions during negative EIP. The pattern of results is consistent with the findings of substance abuse altering normal reactivity to naturally arousing negative emotional stimuli (see Verdejo-Garcia et al. 2006) . Moreover, it extends the literature by suggesting that addiction-related deficits in executive brain function may underlie dysregulated affective processes. For example, prior research demonstrates that exerting cognitive control over emotional processes leads to increased activation in the dlPFC (Ochsner et al. 2002; Ochsner and Gross 2008) . Furthermore, individuals with trait level affective disturbance (i.e., major depressive disorder) have less dlPFC activation in response to negative emotional stimuli (Hooley et al. 2005; Siegle et al. 2002 Siegle et al. , 2007 . In addition, the dACC is thought to be a focus of cognitive symptoms related to smoking withdrawal (Cole et al. 2010 ) and a functional neuroanatomical circuit marker for nicotine addiction severity (Hong et al. 2009a ).
The influence of withdrawal-related negative affect on emotion-cognition interactions
The severity of withdrawal-induced negative affective was found to be positively correlated with Stroop-BOLD response in rIFG and lMFG when negative, but not neutral, emotional distractors were presented. Activity in the IFG is associated with conflict resolution (Kemmotsu et al. 2005; Nee et al. 2007a, b) and thought to play an important role in mediating emotional interference during cognitive demands (Dolcos and McCarthy 2006; Mincic 2010) . In addition, among healthy controls, IFG BOLD response during on the aST has been shown to be associated with processing negative emotional information ). The present study finding that smoking withdrawal-related negative affect predicts Stroop-BOLD response in IFG during negative distractor trials is consistent with the literature demonstrating that smoking abstinence results in greater emotional interference on cognition (Drobes et al. 2006; Gilbert et al. 2007; Rzetelny et al. 2008) . Moreover, neural circuitry subserving emotion and cognition is disrupted in chronic drug users (Koob and Volkow 2009 ). Importantly, withdrawal-related stress response has been hypothesized to contribute to relapse (Koob and Le Moal 2008) . The findings from the current study extend the extant literature by suggesting that the IFG may be a neural focus of stress-related dysregulated emotion-cognition interactions among dependent smokers following a quit attempt.
Conclusions and limitations
The present study included a robust withdrawal manipulation and an fMRI task that allows for modeling emotional information processing in isolation, and the investigation into the neurocognitive basis of smoking abstinence on emotioncognition interactions-an area of research currently underrepresented in the literature. However, limitations included a relatively small sample size and the use of a cognitive paradigm with sufficient task difficulty to subjects which may have attenuated the ability to detect behavioral Stroop effects. During the present study, we identified the neural correlates of smoking abstinence-induced effects on Stroop-BOLD response, and the effects of smoking withdrawalinduced negative affect on emotional information processing and emotion-cognition interactions. However, we failed to detect behavioral Stroop effects under any conditions. One possible explanation for a lack of findings may have been due to a relatively small sample size. In addition, a lack of not finding a behavioral Stroop effect may have been due to a relatively weak Stroop manipulation. Furthermore, the effects of emotional distractor valence on task demands may have been more salient than the cognitive demands from the Stroop trials. This rational is consistent with the behavioral data demonstrating a main effect of distractor valence on RT performance across all trials, but no difference in the Stroop effect. In addition, we failed to observe a smoking condition× distractor valence interaction in BOLD response. One possible explanation for a lack of findings may have been due to a relatively small sample size. We are addressing these issues in ongoing work in our laboratory by explicitly constraining cognitive control to emotional information processing in a larger sample of smokers.
